composite was prepared by chemical vapor deposition and ball-milling methods.
AACNTs were synthesized to investigate the influences of the amorphous structure as well as the array structure on the electromagnetic wave absorbing performance.
Possible assumptions were proposed to explain the electromagnetic properties of these three CNT structures.
Experimental
The synthesis process of AACNTs-BNR composite mainly contains three steps (see Fig.1 ). Firstly, AACNTs were fabricated using floating catalyst method. The xylene was used as carbon source and ferrocene and silane were used as catalyst precursor. Secondly, BNRs were synthesized by self-propagating combustion using citric acid complex Fe(NO 3 ) 3 , Ba(NO 3 ) 3 as precursor. Then, the obtained AACNTs were purified using dilute hydrochloric acid and then mixed with BNRs using ball-milling machine followed by 800℃ heating for two hours. Finally, the AACNT/BNR composite was fabricated. 
Synthesis of BaFe 12 O 19 nanorods
The BNRs were synthesized by self-propagating combustion using citric acid complex Fe(NO 3 ) 3 , Ba(NO 3 ) 3 as precursor and the mass ratio of Fe(NO 3 ) 3 (analytical pure grade), Ba(NO 3 ) 3 (analytical pure grade) and citric acid (analytical pure grade) is 11:1:13. The ingredients were firstly dissolved into distilled water and then ammonium hydroxide was added to adjust pH to 7. The obtained colloidal sol was
dried at 120 ℃. The dried gel was heated at 400 ℃ for giving rise to the self-propagating combustion. After the reaction, the powders were collected and then cleaned by distilled water to get rid of the residual ingredients for further application.
Synthesis of AACNT/BNR composite
The as prepared AACNTs, ACNTs [22] and purchased CNTs (purity: >95%, average diameter: 20 nm, Tsinghua University, China) were cleaned in dilute hydrochloric acid to get rid of impurities. Then the AACNTs, ACNTs and CNTs were mixed with BaFe 12 O 19 using ball-milling machine. Finally, the resulting samples were transferred into the tube furnace to heat processing at 800 ℃ for 2 hrs under Ar gas protection. The complex permittivity (ε′, ε″) and permeability (µ′, µ″) spectra of AACNT/BNR composite vs frequency are shown in Fig. 6(a-d) . The permittivity and permeability are used for characterization of dielectric constant and magnetic loss properties of the absorbing materials. In Fig. 6(a, b) , the dielectric constant (ε′) and dielectric loss (ε″) decrease slightly with frequency increasing, which is a normal behavior and is also observed by other researchers [10] . In Fig. 6(a, b) , the dielectric constant (ε′) and dielectric loss (ε″) of ACNTs-BNR are lower than that of CNTs-BNR, which can be explained as that the conductivity of ACNTs is not as good as CNTs due to the disordered structures inside the tube-walls. However, with the same amorphous structure as ACNTs, the ε′ and ε″ of AACNT/BNRs is higher than both of ACNT/BNRs and CNT/BNRs. It can be assumed that the long linear pack structure of the array as well as Fe catalyst particles increase the conductivity, which makes
Characterizations
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AACNTs possess both the advantages of amorphous structure (the small graphite clusters inside the tube-wall can cause the scattering and increase the path length) and M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
13 crystal structure (good conductivity). AACNT/BNR composite has a better dielectric polarization and relaxation effects despite the poor conductivity of amorphous structure. When the conductive phase is distributed in the insulated matrix to form composite materials, the free charge gathered will exist in the interface between insulation and conductor due to the difference in the two phase conductive performance. The high tube density of the array structure may increase the probability for the tubes to overlap and twine each other for forming conductive network inside BaFe 12 O 19 to improve the dielectric polarization properties. Besides, the similar orientation of the array may also benefit the dielectric polarization properties and the high length-diameter ratio of CNT arrays is also beneficial to the conductivity, and the dielectric loss. In Fig. 6(c, d) , it is worth noting that a minimum value as well as a maximum value are observed for µ′ and µ″, respectively, those obvious peaks for µ′ and µ″ can be ascribed to a resonance phenomenon, which is also showed in Fig. 7b .
The trend of the lines in Fig. 6(c, d) The surface reflectivity of an absorber was presented by a function including six parameters of ε′, ε″, µ′, µ″, f and d [23] [24] [25] . Thus, if the 5 parameters are known, the other parameters can be calculated. The values of reflectivity were calculated by using Eqs. (1) and (2) using the measured values of ε′, ε″, µ′, µ″, f and d (see Fig. 8 ). In the frequency range of 8-13 GHz, the maximum absorbing peak of AACNT/BNR composite is -21.5 dB at 9.3 GHz. The bandwidth of the reflectivity below -10 dB is 2.5 GHz. The maximum absorbing peak of ACNT/BNR composite is about -8. Furthermore, the interaction of microwaves with dielectric materials intensified the molecular motions such as ionic conduction, dipolar polarization relaxation, etc., leading to energy dissipation in the form of heat through molecular friction and dielectric loss, and the highly conductive network would also consume the microwave as resistance heat. 
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The bandwidth of the AACNTs/BNR is about 2.5 GHz.
Influences of the amorphous structure on wave absorbing performance.
The length of as-prepared ACNT array was about 24 µm.
